In 1923 Levaditi and Nicolau (1) reported observations concerning the growth and survival of vaccine virus in neoplasms of mice and rats. Evidence favoring his theories of dermotropism and neurotropism of viruses was considered by him to be found in the fact that vaccine virus does not grow or survive in mouse or rat sarcoma but does multiply in mouse cancer and survives throughout the life of the neoplasm. Among other conclusions he stated that cancer cells are unable to develop an active immunity against infection with vaccine virus and only passively partake of their host's immunity. Levaditi 's observations and conclusions are interesting and, if confirmed, are of importance in regard to the growth of viruses in general and, also, in regard to the biology of tumor cells, particularly their immunological response to infection. A unique opportunity for the study of certain problems of this nature is afforded by our possession of a virus and of a transplantable neoplasm of the same animal species--the rabbit. In beginning this work it was decided to determine, first, if the virus would grow in the tumor, and if so what effect this condition would have upon the character of the malignant disease. The present paper is concerned primarily with the first of these questions.
Methods and Materials.
Virus III.--While attempting to produce chicken-pox in rabbits a filterable transmissible pathogenic agent was discovered (2) . This agent produces gross as well as microscopic lesions in the cornea, skin, and testicles of rabbits, and an 523 infection with it leads to an immunity against subsequent infections with the same material. For convenience this agent has been spoken of as Virus III. The virus has been transferred from rabbit to rabbit at 3 to 5 day intervals over a period of 2½ years. It acts like a fixed virus in that a small amount of it when injected into the testicles of rabbits causes a sharp rise of temperature to 104-106°F. 3 to 5 days after the inoculation, and because intradermal injections of the virus in dilutions of 1:1000 are regularly followed by visible skin reactions. Although the virus can be recovered from the heart's blood of rabbits following intratesticular or intradermal inoculations, it does not cause death even when injected intracerebrally. The testicular emulsions containing the virus have been shown repeatedly to be free from ordinary anaerobic and aerobic bacteria by means of cultures on blood agar, in broth, and in Smith-Noguchi tubes. Furthermore, ordinary bacteria have not been seen in stained films and dark-field preparations of the emulsions containing the virus, in stained sections of inoculated testicles, or in sections of inoculated testicles impregnated with silver nitrate. Local infiltration of the tissues with endothelial leucocytes, swelling of the involved epithelial cells, and the presence of nuclear inclusions in both the endothelial leucocytes and the epithelial cells are the characteristic pathological changes observed in rabbits experimentally inoculated with the virus. At first it was considered not unlikely that the virus is the etiological agent of variceUa. Further work, however, in our laboratory and also in Swfft's (3), disclosed the fact that Virus I I I is indigenous to rabbits. From the work completed, it seems most likely that Virus I I I is as typical a virus as vaccine virus or the virus of symptomatic herpes from both of which it can easily be differentiated.
In the experiments to be reported, the presence or absence in rabbits of an immunity to Virus I I I was determined by means of intradermal inoculation of the virus or by testing the virucidal properties of the sera.
Vaccine Virus.--The vaccine virus used in these experiments was obtained from Noguchi (4) and is a strain which has been propagated during a number of years by frequent passage from rabbit to rabbit by testicular inoculation. Inoculation of the scarified skin or cornea of rabbits is followed by typical macroscopic and microscopic lesions. The presence or absence in rabbits of an immunity to the virus was determined by intradermal inoculation of it.
Neoplasm.-yA number of papers dealing with the tumor employed in these experiments have already been published (5) . Suffice it to say that the tumor arose in the scrotal skin of a rabbit which eventually showed marked constitutional symptoms and finally succumbed with a widespread distribution of metastatic growths. Successful transplantation from the original animal through successive generations was accomplished by intratesticular inoculations (6) . The original growth appeared to be of epithelial origin, composed of cells allied to those found in the bulb and root sheath of the hair. The general morphology of the ceils and the structure of the growth have been unaffected by transplantation.
Although various routes of inoculation may be used with which a primary growth and, at times, metastases are obtained, it has been found that intratesticular inoculation is most satisfactory from the point of view of an actively developing and persistent primary tumor and for the study of the disease process as a whole. As a routine procedure, a group of not less than ten rabbits is inoculated each month from an actively growing primary tumor of the previous month's series. In the present paper tumors from such groups are referred to as "stock tumors". The general character of the disease in different groups fluctuates from time to time, and, furthermore, there are well defined differences in the disease picture of individual animals in any single group. Such factors as the growth and fate of the primary tumor, the animal incidence of metastases, their number, extent, and distribution, and the actual and probable mortality rates are significant variables in this connection. However, for the purpose of the present paper, it is sufficient to say that an actively progressing primary tumor is obtained by intratesticular inoculation in practically every instance and that by the 14th day after inoculation the growth has frequently replaced the entire testicle, In a certain number of rabbits the primary tumor continues to grow, involving the cord and extending into the abdominal cavity; in others regression, absorption, and eventual healing occur, while some animals continue to carry, a large primary tumor composed of both living and necrotic tissue for many weeks.
From an analysis of the postmortem examinations of the first twenty generations of the tumor (7), the mean incidence of secondary growths for the entire group of animals was 60 per cent and upon the same basis the average mortality varied from 20 to 40 per cent. Metastases have been found in practically every organ and tissue of the body, the most common sites being the kidneys, lungs, suprarenals, liver, eyes, and the serous membranes of the abdomen. There occur, also, cord and retroperitoneal tissue extensions from the primary growth. Gross metastases have been found as early as 2 weeks after inoculation and there is no doubt that emboli of tumor cells are distributed soon after inoculation of the testicle. Death from extensive and widely distributed tumor growth has occurred as early as 3 weeks aftjcr inoculation and in some instances actively growing metastases were still present in animals killed as late as 7 months after inoculation. On the other hand, some rabbits whose primary tumor attains large proportions are able completely to suppress and eventually to heal this growth and at autopsy no signs of secondary tumors are to be found.
The characteristic feature of variation in the disease, as shown by individual animals of the same group and by different groups of animals, has been considered highly significant from the point of view of aaimal reaction and animal economy. It should be emphasized that in any study of the effect which various agents, such as the filterable viruses, may have upon the growth and malignancy of the tumor, one must take into account this biological characteristic of the disease. This phase of our study is reserved for a further report, EXPERIMENTAL.
Growth and Survival of Virus III in the Tumor.
A number of young actively growing tumors were inoculated with Virus III to determine, first of all, if the virus would grow and persist in the tumor. Details of these experiments will be omitted since early in the work we were confronted with the fact that all the stock tumor rabbits, into which no virus had been intentionally inoculated, became immune to infection with Virus III. Table I and housed under conditions similar to those of the tumor rabbits were used as controls.
The immunity of the stock tumor rabbits to Virus III gains in significance when it is realized that the stock tumor is transferred only at monthly intervals, and that all of the animals develop immunity to the virus 2 to 3 weeks after inoculation with the tumor. Several possible explanations for this refractory state occurred to us; namely, (1) that the virus, accidently introduced into the tumor, multiplies and survives longer in it than in testicular tissue and was being transferred each month with the tumor, (2) that the tumor at one time accidently infected with the virus had itself acquired an immunity which it conferred upon all its subsequent hosts, or (3) that the tumor in some non-specific manner protected its host against infection with the virus.
In proceeding to investigate this question, attempts were first made to demonstrate the presence of Virus III in the stock tumor by means of rapid passage of emulsions of the primary tumor or metastases through several series with not more than three successive rabbits in each. The tumor tissue selected for these experiments appeared, on gross examination, to be riving for the most part. It will become obvious further on in the report why more than three passages in each series were not made. By means of the procedure it was possible to demonstrate regularly the presence of Virus III not only in the primary tumor but also in metastases. 54 days was the longest interval elapsing between the intratesticular inoculation of the tumor and the Although inoculation of stock tumors, 4 to 8 weeks old, into the testicle led to an immunity in rabbits to Virus III, no visible virus reaction was obtained by means of intracutaneous inoculations of the same material. From previous work with Virus III it has been shown that amounts of virus too small to give visible skin reactions are sufficient to immunize the animals and that these small amounts of virus are sufficiently increased after two or three testicular passages to produce visible reactions. From the experiments thus far reported, one may conclude that Virus III is regularly present in stock tumors, 4 to 8 weeks old, in quantities sufficient to immunize rabbits but not great enough to produce visible skin reactions. As we were interested not only in the presence but also in the survival of the virus in the neoplasm, it was essential that we work with older tumors. Nevertheless, we were also interested in determining if intracutaneous inoculations of young stock tumors would produce visible Virus III reactions. A number of stock tumors, 7 to 10 days old, were removed from testicles or skin, emulsified, and tested under properly controlled conditions for their ability to produce visible Virus III reactions in the skin of normal rabbits. It was found that intracutaneous inoculations of such emulsions were followed by typical virus reactions (Text- fig. 1 ). In this connection it is of interest and of probable significance to note that. nuclear inclusions, typical of Virus III reactions, were found in the young stock tumors. Similar inclusions, on the contrary, have not been seen in older tumors nor in a strain of the tumor free from the virus which will be described later in the paper.
The results of the work thus far show that Virus III is present in the stock tumor and is being transferred with it each month, that it multiplies in the tumor and survives there for at least 54 days. Since it has been shown that rabbits inoculated with the stock tumor themselves became immune to Virus III 2 or 3 weeks later, the survival of the virus in the tumor for 8 weeks evidently takes place despite the immune state of the rabbit host. Passages from left testicles to testicles of subsequent animals were made at 4 day intervals. Further passages from rabbit to rabbit were made at 4 day intervals by means of bilateral testicular inoculations of testicular emulsions. Intradermal inoculations were made in the majority of the rabbits. Passage from R was made from tumor in right testicle.
• indicates that a visible Virus I I I lesion was noted in the skin, that the testicles contained a virus which was identified as Virus IH, and that the animal was immune 3 weeks later to Virus H I inoculated intradermaUy.
indicates absence of gross virus lesions; rabbit immune to Virus I I I 3 weeks later.
o indicates absence of gross virus lesions; rabbit not immune to Virus I I I 3 weeks later.
X indicates that immunity of the rabbit to Virus I I I was not tested. indicates a female rabbit inoculated intradermaUy with tumor emulsion and immune to Virus I I I 3 weeks later.
[] indicates a visible Virus I I I lesion in skin of female rabbit produced by emulsion of tumor removed from skin of another female rabbit. Test controlled in the skin of a rabbit immune to Virus III. 529
Growth and Disappearance of Virus IH Injected into the Testicles of Normal Rabbits.
It seemed that 4 to 8 weeks is an unusually long time for Virus III to survive in the tumor. From previous work it had been found that Virus III injected into the testicles of normal rabbits multiplies rapidly, probably reaching the maximum growth between the 4th and 6th days. The virus also disappears rapidly from the testicles and frequently no visible reaction is obtained in the skin with emulsions of testicles removed 8 days after inoculation. The mere fact that no visible reaction is obtained is not adequate proof that all the virus is dead, and, in view of the long survival of the virus in the tumor, it seemed essential to investigate its length of survival in the previously normal animal after intratesticular inoculation. Consequently, the following experiments were performed to determine when one can be reasonably certain that the virus is no longer alive in the experimentally infected rabbit.
Rabbit 1 received 1.0 ce. of a testicular emulsion containing active Virus III in each testicle and 0.2 cc. in the skin. The usual virus reaction occurred in the skin and testicles. 34 days later the animal was etherized and both testicles and the inguinal, popliteal, and axillary lymph glands were removed, emulsified, and injected into the testicles of three normal rabbits. A month later these rabbits were tested for the presence of an immunity to Virus III by means of intracutaneous inoculations of the virus and all were found to be susceptible.
Rabbit 2 was inoculated in a manner similar to Rabbit 1. Both testicles were taken out under ether anesthesia 4 days later. 30 days after inoculation the inguinal, axiUary, and popliteal lymph glands were removed, emulsified, and injected into the testides of two normal rabbits. A mouth later these rabbits were tested for the presence of an immunity to Virus III and were found to be susceFtible.
The above experiments afford indirect evidence that Virus III is no longer present in the testicles and lymph glands of the experimentally infected rabbit a month after the inoculation or, if present, that it exists in such small quantities or in such condition as to be incapable of inducing immunity. It seemed advisable to pursue the matter further by means of rapid passage of the emulsions of lymph glands and testicles from experimentally infected animals through several series of not more than three successive stock rabbits in each to obtain, ,53I if possible, some visible or immunological evidence concerning the survival of the virus. A month was the period of time arbitrarily chosen to elapse between the inoculations and the attempts to demonstrate a viable virus in the experimentally infected rabbits. Three experiments were conducted as outlined and after the passages had been made all the animals were held for 3 or 4 weeks, after which time they were tested for the presence of an immunity to Virus III.
It must be remembered in connection with these experiments that Virus III is indigenous to rabbits and that it was first discovered by the serial transfer, at 3 or 4 day intervals, of rabbit's testicles which in the first instance had been inoculated with blood from chicken-pox patients. In the work on varicella, macroscopic evidence of Virus III was noticed only once in twelve series earlier than the fourth passage. If the passages were continued further, macroscopic reactions became numerous for the reason that each passage increased the chances of encountering a rabbit spontaneously infected with the virus and of concentrating the virus sufficiently to produce visible reactions. In the light of this experience, it is obvious why not more that three successive rabbits were employed in a series in the experiments reported in the present paper. In connection with the tests for the presence of an immunity in the rabbits held 3 or 4 weeks, as mentioned above, it must also be remembered that a certain number of stock rabbits are immune to Virus III. Since the virus is indigenous to rabbits, this condition is to be expected. The percentage of immune animals from miscellaneous stocks and from a number of different sources has been variable, but a fair average is 15 to 20 per cent.
Examination of the results of the experiments graphically illustrated in Text- fig. 2 reveals that only one visible Virus III skin reaction was obtained in ten series and that only 20 per cent of the first rabbits to be inoculated in the ten series were immune to Virus III 3 weeks after inoculation. Since these results coincide with those obtained in previous work in which the series were begun with human blood, one may be reasonably certain that Virus III is not present in the testicles and lymph glands of experimentally infected rabbits a month after inoculation. 
t:t t t
Passage from animal to animal was made by means of testicular emulsions injected into testicles of stock rabbits at intervals of 4 days. The skin was also inoculated in each rabbit.
® indicates that a visible Virus I I I lesion was noted in the skin, that the testicles contained a virus which was identified as Virus III, and that the rabbit was immune 3 weeks later to Virus I I I inoculated intradermaUy.
indicates absence of gross virus lesions. Rabbit immune to Virus III 3 weeks later.
o indicates absence of gross virus lesions and that the rabbit was not immune to Virus III 3 weeks later.
× indicates that immunity of the rabbit to Virus III was not tested. 532
does in testicular tissue. The reasons for the unusually long survival of the virus in the tumor are being investigated at present.
Strain of Tumor Free of Virus IlL
It is not known when the tumor became infected with Virus III. After it was found that the tumor carries the virus, the question naturally arose as to whether the character of the tumor is affected by its presence. Previous work has shown that the injection of Virus III alone does not produce tumors. It was not known, however, whether the presence of the virus affects the growth of the tumor cells in such a way as to influence the malignancy of the disease. To determine what effect the virus has upon the tumor it was essential to obtain a strain of the tumor free of the virus. The work with the stock tumor, bearing the virus, led us to believe that this would be dlmcult of accomplishment inasmuch as the virus survives in the tumor many weeks after the rabbit host becomes refractory to skin infection with the virus and after its blood serum.is highly virucidal. Nevertheless, an accident enabled us to obtain a strain of the tumor entirely free of Virus III.
A rabbit inoculated with the stock tumor bearing the virus died several weeks later and accidently lay in a warm room 12 to 18 hours. The primary tumor was removed and inoculated into the testicles of three rabbits. It was fully 3 weeks before one could be sure that the transplants were increasing in size. Growth, once initiated, progressed, however, and transfers were successfully made from one of the tumors. A number of generations of this strain of the tumor have been studied and we are convinced that Virus nI is no longer present in it inasmuch as it has been impossible to demonstrate its presence (Text- fig. 3 ) by methods which proved successful with the stock tumor. Moreover, animals inoculated with this strain do not become refractory to skin infection with Virus In and their sera do not become virucidal (compare Text- figs. 1 and 3 ). In addition, no nuclear inclusions, typical of Virus In reactions, have been found in young virus-free tumors.
These findings show conclusively that the virus is not essential for the growth of the tumor inasmuch as the strain of tumor free of Virus nI grows, metastasizes, and causes death. Further than this one cannot go at present. The behavior, however, of the tumor bearing the virus in comparison with that of the tumor without the virus is being studied. Fig. 3 .
Text-

Strain of Transplantable Rabbit Tumor Free of Virus HI (a Virus-Free Strain of
Transplantable Rabbit Tumor).
Oct. 15, 1924, right testicle of Rabbit A haoculated with 0.3 cc. of same stock tumor emulsion used in inoculating Rabbit A in Text- fig. 1 . Tumor grew.
Nov. 13, 1924, rabbit died and lay in a warm room 12 to 18 hours. Primary tumor removed, emulsified, and inoculated into stock rabbits as indicated below. 
Growth and Survival of Vaccine Virus in the Tumor.
When it was found that Virus I I I grows in the rabbit tumor and survives there for an unusually long time, it seemed probable that confirmatory or additional facts in regar d to the problem under study might be obtained by similar experiments with vaccine virus. Therefore, a young tumor was inoculated with vaccine virus, removed 4 weeks later, and passed to several normal rabbits by means of intratesticular inoculations. The tumor was experimentally infected only Transplants of tumor were made in right testicles at intervals of 28 to 64 days as indicated.
Passages from animal to animal for the demonstration and identification of vaccine virus in the tumor were made as indicated at 4 day intervals by injecting tumor or tcsticular cmulsion into the testicles and skin of rabbits.
• indicates presence of vaccine virus in testicles. Animal immune to vaccine virus inoculated intradermally 3 weeks later.
o indicatcs presence of vaccine virus in testicles, vaccine pustules in skin. Animals not tested for immunity.
• indicates presence of vaccine virus in testicles, vaccine pustules in skin. Animals immune to vaccine virus inoculated intradermally 3 weeks later. Nognchi (4) recovered vaccine virus from experimentally infected testicles of the rabbit 28 days after inoculation. He was unable to recover it later than this and places the outside limit of survival at 5 weeks. We have been able to demonstrate the virus in tumors several generations removed from the experimentally infected tumor and it is evident that it multiplies and is carried to successive generations of the tumor. Since the tumor transplants at times were made at intervals of 64 days it is also apparent that vaccine virus survives longer in the tumor than it does in testicular tissue, despite the fact of the immune state of the rabbit host. This condition is similar to that encountered in connection with Virus III.
DISCUSSION.
The experiments reported in this paper confirm Levaditi's observations concerning the growth and unusually long survival of vaccine virus in neoplasms. In addition, we have shown that a filterable virus indigenous to rabbits behaves in a similar manner in a transplantable neoplasm of the same animal species. We agree with him that malignant cells may not be able to develop an active immunity to viruses and that this may be the explanation for the long survival of the viruses in the rabbit tumor of our experiments. We feel, however, that a great deal more evidence is needed before this explanation can be accepted as the correct one. If it be correct, there will remain the further question whether the inability of cells to develop an active immunity is unique with tumor cells. In any event, it would seem that the use of a transplantable actively growing tissue, such as the rabbit tumor, offers a suitable medium in vivo and possibly in vitro, for the growth and study of a number of viruses and possibly of other agents of disease. Such procedures may also lead to observations which will have a significant bearing upon the biological reaction to various infectious agents of tumor cells as contrasted with normal cells.
SIYMM'ARY.
Virus I H and vaccine virus multiply in a transplantable rabbit tumor of epithelial origin; are carried along with the tumor through an indefinite number of transplants; and despite an immunity developed by the rabbit host survive longer in the tumor than when injected into the testicles of normal rabbits.
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